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TITLE OF THE INVENTION 

DISC TYPE RECORDING MEDIUM ON WHICH ADDITIONAL INFORMATION IS RECORDED 
BY FORMING DISC TRACK, METHOD OF FORMING DISC TRACK, AND RECODING 
MEDIUM FOR RECORDING PROGRAMS EXECUTING THE METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Patent Application No. 2003-32087, filed 
on May 20, 2003, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a disc type recording medium on which additional 
data is recorded by forming disc tracks, and more particularly, to a method of recording 
additional information by forming groove tracks or land tracks in a disc in wobble formats and a 
storage medium for recording the additional information. 

2. Description of the Related Art 

[0003] A variety of data modulation methods can be used to form tracks on a disc type 
recording medium. For instance a disc track can be formed by modulating physical address 
information in a wobble format using binary phase shift key (BPSK) modulation. The address 
information is then obtained by demodulating a wobble signal according to a signal detected at 
the formed track. 

[0004] FIG. 1 is a block diagram illustrating a structure of a conventional track forming 
apparatus for explaining a method of recording an address and additional information on a disc 
track. The apparatus of FIG. 1 includes a modulation unit 1 10, a carrier signal generation unit 
1 20, and a disc track forming unit 1 30. \ 
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[0005] The modulation unit 110 modulates a carrier signal, which is generated by the carrier 
signal generation unit 120, by multiplying the input address and additional information by the 
carrier signal. 

[0006] A modulation signal corresponding to the modulated address and additional 
information is input to the disc track forming unit 130. The disc track forming unit 130 forms a 
wobble corresponding to the input modulation signal on the disc track. The modulation unit 110 
modulates the carrier signal using the BPSK modulation based on the address and additional 
information, and forms the modulated carrier signal on a disc track in the form of a wobble. As a 
result, a wobble signal having the same shape as the modulated carrier signal can be detected 
from the disc track. 

[0007] FIG. 2 illustrates the BPSK modulation used in a conventional disc track forming 
method. As is apparent from points ® and (2) shown in FIG. 2, information such as address 
information is read by reversing the phases of various portions of a wobble into which the 
address information is to be inserted. However, reversing the phases causes discontinuities of 
the wobble signal at the points CD and (2). The discontinuities of the wobble signal negatively 
affect wobble signals detected along adjacent tracks, causing signal deterioration and harmonic 
noise. 

[0008] FIG. 3 illustrates a structure of a data frame recorded on an optical disc, the data 
frame comprising N sync frames which contain address information and/or other additional 
information such as disc recording conditions and copyright protection policies for disc access. 

[0009] In an optical disc, data access is rendered in data frame units. As is shown in the 
data frame of FIG. 3, the address information as well as other additional information is 
expressed with p address units and repetitively recorded R times to increase the reliability of the 
information. Here, the length of an address unit corresponds to the lengths of n sync frames. In 
general, the address unit is a base unit for recording the address information and other 
additional information in a data frame containing 1-bit information. In this disclosure, it is 
considered that an individual data frame has its own address value and is a basic data unit for 
data access, and an address in pregroove (ADIP) is a basic unit for expressing information. 

[0010] Use of discs in portable appliances such as mobile phones necessitates the 
miniaturization of optical discs. In these miniaturized discs, information of data frame length is 
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recorded on two tracks along the circumference of a particular track of a disc, e.g., the 
innermost track, and the track length is shorter than a data frame length. When this occurs, an 
optical disc is likely to have a radial discontinuity. The discontinuity results in errors at at least 
two points of a data frame, thus remarkably reducing the rate of detecting the address and other 
additional information recorded in the data frame. 

[0011] As described above, in the case of a conventional wobble formation method using 
BPSK modulation, discontinuities of the wobble signal are caused when reversing the phase of 
the wobble to record information such as address information in the wobble. Also, when 
forming a disc track using a data frame in a conventional format where the data frame is longer 
than a particular disc track, the optical disc develops a radial discontinuity resulting in errors at 
at least two points of the data frame. Such discontinuities remarkably reduce the rate at which 
address information or other additional information contained in the data frame can be detected. 

[0012] A conventional method of recording address information by forming a wobbling groove 
in a disc type recording medium is disclosed in European Patent No. 1291857, filed on March 
12, 2003. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides a recording medium for recording additional 
information in an extensible format, thereby preventing a reduction in a rate at which additional 
information is detected due to miniaturization of the recording medium. 

[0014] The present invention also provides an improved disc track formation method and a 
recording medium in which disc tracks are formed using the improved disc track formation 
method. 

[0015] According to an aspect of the present invention, there is a disc type recording medium 
on which data access is allowed in data frame units and additional information is recorded by 
forming a disc track, the medium comprising at least one data frame including a plurality of sync 
frames, wherein the number of the plurality of sync frames is determined according to the length 
of the innermost circumference of the disc type recording medium. 



3 



Docket No.: 1793.1214 



[001 6] According to an aspect of the present invention, the number of the plurality of sync 
frames is N/d, wherein d is determined such that the length of the data frame is shorter than or 
the same as the length of the innermost circumference of the disc type recording medium, and 
N and d are positive integers. 

[0017] According to an aspect of the present invention, n/d sync frames are used to express 
a predetermined unit of information, wherein d is determined such that the length of the data 
frame is shorter than or the same as the length of the innermost circumference of the disc type 
recording medium, and n is a positive integer that is smaller than A/. 

[0018] According to an aspect of the present invention, a period of a wobble, which is used to 
form the tracks of the disc type recording medium, is MTwhen the data frame includes N sync 
frames, and the period of the wobble is Mt when the data frame includes N/d sync frames and 
M/d is not a positive integer, wherein T, t, and M are the period of a one-channel clock, T/d, and 
a positive integer, respectively. 

[0019] According to an aspect of the present invention, a clock for data recording is obtained 
by dividing the period T of the clock by cf when the period of a wobble is Mt and the period of the 
clock obtained using a phase locked loop (PLL) is T/d. 

[0020] According to an aspect of the present invention, n sync frames are used to express a 
predetermined unit of information, wherein the predetermined unit of information is determined 
such that the length of the data frame is shorter than or the same as the length of the innermost 
circumference of the disc type recording medium, and n is a positive integer. 

[0021] According to another aspect of the present invention, there is a disc type recording 
medium for recording additional information by forming disc tracks, the medium comprising at 
least two first sections, where the disc tracks are formed using a first function, and at least one 
second section, where the disc tracks are formed using a second function at a frequency, which 
is 1/k times the frequency of the first function, wherein the second section is positioned between 
the first sections, and k is a positive integer. 

[0022] According to yet another aspect of the present invention, there is a disc type recording 
medium for recording additional information by forming disc tracks, the medium comprising at 
least two first sections in which the disc tracks are formed using a first function, and at least one 
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second section in which the disc tracks are formed using a second function, the second section 
positioned between the first sections, wherein the difference between primary differential values 
of the first and second function at points where the first sections and the second section meet is 
less than 50% of the primary differential value of the first function, and the second function has 
a point at which the primary differential value is 0 or does not include discontinuities. 

[0023] According to still another aspect of the present invention, there is a method of forming 
disc tracks for recording additional information, the method comprising forming disc tracks using 
a first function in at least two first sections of a disc type recording medium; and forming disc 
tracks using a second function in a second section of the disc type recording medium, wherein 
the second function has a frequency that is 1/n times the frequency of the first function, and the 
second section is positioned between the first sections. 

[0024] According to still another aspect of the present invention, there is a method of forming 
disc tracks for recording additional information, the method comprising forming disc tracks using 
a first function in at least two first sections of a disc type recording medium, and forming disc 
tracks using a second function in a second section of the disc type recording medium, wherein 
the second section is positioned between the first sections and the difference between primary 
differential values of the first and second function at points where the first sections and the 
second section meet is less than 50% of the primary differential value of the first function, and 
the second function used in the second section has a point at which the primary differential 
value is 0 or does not include discontinuities. 

[0025] According to still another aspect of the present invention, there is a computer readable 
recording medium for recording a program that executes a method of forming disc tracks for 
recording additional information, wherein the method comprises forming disc tracks using a first 
function in at least two first sections of the computer readable recording medium, and forming 
disc tracks using a second function in a second section of the computer readable recording 
medium, wherein the second section is positioned between the first sections and the difference 
between primary differential values of the first and second function at points where the first 
sections and the second section meet is less than 50% of the primary differential value of the 
first function, and the second function used in the second section has a point at which the 
primary differential value is 0 or does not include discontinuities. 
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[0026] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the embodiments taken in 
conjunction with the accompanying drawings in which: 

FIG. 1 is a block diagram illustrating a conventional disc track forming apparatus; 

FIG. 2 illustrates binary phase shift key (BPSK) modulation used in a conventional disc 
track forming method; 

FIG. 3 illustrates a structure of a conventional data frame comprising N sync frames; 

FIG. 4 illustrates a structure of an extensible format according to an aspect of the 
present invention; 

FIG. 5 illustrates a structure of an extensible format according to another aspect of the 
present invention; 

FIG. 6 illustrates modified BPSK modulation according to an aspect of the present 
invention; 

FIG. 7 illustrates modified BPSK modulation according to another aspect of the present 
invention; and 

FIG. 8 illustrates modified BPSK modulation according to yet another aspect of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0028] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. The embodiments are described below to 
explain the present invention by referring to the figures. 

[0029] FIG. 4 illustrates a structure of a data frame in an extensible format according to an 
aspect of the present invention. 
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[0030] In this aspect, when a data frame, which is a basic unit for disc access, is longer than 
a particular track, e.g., the innermost circumference of a disc, a data frame is recorded in an 
extensible format so as to make the data frame shorter than the innermost circumference of the 
disc. The extensible format is compatible with a conventional data frame. 

[0031] Referring to FIG. 3, a data frame and an address unit recorded in a conventional 
format are N sync frames long and n sync frames long, respectively, whereas a data frame and 
an address unit in the extensible format, shown in FIG. 4 according to an aspect of the present 
invention, are reduced to be N/d sync frames long and n/d sync frames long, respectively. 
Similarly, other p address units are recorded R times. Accordingly, data structures of the 
address and other additional information in a data frame, and an error correction standard are 
the same as those of the conventional data frame thus allowing application of a conventional 
data decoding technique to the data frame according to an aspect of the present invention. For 
this reason, the data frame can be compatible with a conventional data frame. According to an 
aspect of the present invention, N and n are 496 and 2, or 298 and 2, respectively. 

[0032] When the lengths of the data frame and address unit are reduced as shown in FIG. 4, 
the period of the wobble is determined to be shorter than that of a wobble used in a 
conventional data frame, i.e., when a data frame and an address unit are N sync frames long 
and n sync frames long, respectively. One reason for determining one period of the wobble 
according to the aspect of the present invention described above is that the ratio of wobbles, 
which undergo data modulation such as binary phase shift key (BPSK) modulation, is preferably 
smaller. If a period of a wobble used in a data frame in the conventional format is MT (7 
denoting a period of a channel clock) and M is divided by d, leaving a remainder, a wobble 
whose period, i.e., MT/d, is d times faster than a period of a wobble used in the data frame in 
the conventional format is used. 

[0033] When a disc track is formed using a wobble signal with a period that is d times faster 
than the period of a wobble used in the structure of a conventional format data frame, a clock 
period generated from a wobble signal, which is generated at the disc track formed for data 
recording using a phase lock loop (PLL), is T/d. The period of a clock used for data recording is 
obtained by demultiplying T/d by d. 
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[0034] FIG. 5 illustrates a structure of a data frame in an extensible format according to 
another aspect of the present invention. 

[0035] Compared to the conventional data frame and the address unit shown in FIG. 3, the 
lengths of a data frame and an address unit in an extensible format are N/d sync frames long 
and m sync frames long, respectively, where m is the number of data frames in one address 
unit, and m is less than n. At the same time, information recorded in the address unit is 
increased from 1 bit to a plurality of bits. Thus, the total number of address units, which are 
basic units for recording the address and other additional information, can be reduced to p' 
(p>p f ). Although the total number of address units is decreased, it is possible to minimize the 
error rate by increasing a number of times the p address units are recorded to R' or by 
increasing the total number of parities for error correction. 

[0036] When the physical length of a data frame in an extensible format according to this 
aspect of the present invention is too short to contain all of the information, it is possible to 
record all of the information by including plural-bit information within an address unit while 
increasing the total number of parities for error correction so as to reduce the error rate. 

[0037] A modified BPSK modulation is used to solve the problems of the BPSK modulation 
used in the conventional track formation method shown in FIG. 2. The discontinuities of the 
wobble are caused by reversing the phase of a portion of the wobble into which information 
such as address information is to be inserted, as well as degradation of the wobble signal, and 
harmonic noise generated at an adjacent track. 

[0038] FIG. 6 illustrates a modified BPSK modulation according to an aspect of the present 
invention. 

[0039] When forming a disc track using a wobble, the following must be considered. A 
section where a PLL can be stably used with respect to a wobble signal generated at a formed 
disc track must be secured. For example, a disc track may be formed using a wobble, such as 
a sine function or a cosine function that has a single frequency or a single period. Also, a 
section where information such as address information is to be recorded must be secured. The 
address information may be recorded in the disc track using a wobble signal whose frequency is 
different from that of a wobble generated in the section for the PLL or by changing the phase of 
the wobble generated in the section for the PLL. 
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[0040] A ratio of wobbles having single frequencies or single periods to other wobbles is 
preferably high for the use of the PLL. Accordingly, data is recorded using a wobble having a 
large detection margin for stable reading of information such as the address information. 

[0041] Accordingly, a track is formed at the section for the PLL using a function with a single 
frequency or period and the phase of the function used in the section for the PLL is reversed at 
the section for recording the address information. 

[0042] In FIG. 6, the first sections are monotone wobble sections for the PLL using a sine 
function having a wobble frequency f wob , and a second section is a modified wobble section 
where information such as the address information is recorded. To change the phase of the 
sine function used in the monotone wobble sections, the second section uses a sine function 
whose frequency is half the wobble frequency f WO b- In this case, the difference between angles 
of inclination at points where these two functions meet is 50% of the angle of inclination of the 
wobble frequency f WO b- 

[0043] Also, the second section includes two first sub sections using a function at a 
frequency that is half the frequency of a function used in the monotone wobble section, and a 
second sub section using a function with a different phase at the same frequency as the 
function used in the monotone section. 

[0044] The functions, shown in FIG. 6, for the BPSK modulation are as follows: 

First sections: — sin(2 * * *f) 
[0045] Second section: One first sub section: (see Equation (1 )), 

Second sub section: sin(2 *;r*/wo6 *0 • 
[0046] Another first sub section: (see Equation (2)). 

-sin(2*^*/^/2*0 ....(1) 

sin(2*^V^/2*0 ..-.(2) 

[0047] FIG. 7 illustrates a modified BPSK according to another aspect of the present 
invention. Referring to FIG. 7, first sections are monotone wobble sections for the PLL using a 
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sine function at a wobble frequency of f WO b- A second section is a modified wobble section 
where information such as address information is recorded. As compared to the first sections, 
the second section uses a function at a wobble frequency of f wob , but the sign of the sine 
function is reversed in a zone of the second section where the phase of the sine function is to 
be changed. Also, the maximum value (+1) or minimum value (-1) of the sine function is 
maintained in a zone of the second section where discontinuities of a wobble are likely to occur, 
thereby preventing the occurrence of the discontinuities of the wobble. 

[0048] The functions, shown in FIG. 7, for the BPSK modulation are as follows: 

First sections: -sin(2*^*/ wo6 *f) 
[0049] Second section: One first sub section: (see Equation (3)), 

Second sub section: sin(2*^*/ wo6 *t) , 
[0050] Another first sub section: (see Equation (4)). 

- sin(2 *x*f^*t) 9 nT*t<{n + 0.25)T 

-!,(« + 0.25)7 < t < (n + 0.75)7 .... (3), 

sin(2 * x * f wob * 0, in + 0.75)7 < t< (n + 1)7 

wherein n and T denote an integer and a period of the sine function, respectively. 

sin(2 * * * f wob * 0, rnT < t < (m + 0.25)7 

+ 1, (m + 0.25)7 < t < (m + 0.75)7 .... (4), 

- sin(2 * n * f wob * 0, (m + 0.75)7 < t < (m + 1)7 

wherein m and T denote an integer and a period of the sine function, respectively. 

[0051] Referring to FIG. 8, the first sections are monotone wobble sections for the PLL using 
a sine function at a wobble frequency of f wob , and a second section is a modified wobble section 
for address information using a function whose phases are different from that of the function 
used in the first sections. 

[0052] Referring to FIG. 8, the difference between primary differential values, i.e., angles of 
inclination, at points where the functions in the first and second sections meet is less than 50 % 
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of the wobble frequency of f wob . The function used in the second section has a point where a 
primary differential value is 0 and does not undergo discontinuity of a wobble. Accordingly, it is 
possible to prevent a reduction in a rate of detecting a wobble signal even when harmonic noise 
caused by discontinuities in the wobble signal increases and an offset occurs in binarizing the 
wobble signal. 

[0053] The functions illustrated in FIG. 8 can be expressed as follows: 

First sections: -sin(2*^*/ wo6 *t) 
[0054] Second section: One first sub section: (see Equation (5)), 

Second sub section: sm(2*K*f wob *0 , 
[0055] Another first sub section: (see Equation (6)). 

{2*{t-R a )*f wob Y-\ ....(5), 

\-{2*{t-R a )*f wob Y ....(6), 

wherein R a =[* * f wob ]/ f wob + 1/(2*/^) where [t*f wob ] is the maximum integer that does not 
exceed t*f wob . In other words, the function [a] represents the maximum integer that does not 
exceed the number a. 

[0056] The present invention can be embodied as a computer readable code in a computer 
readable medium. Here, the computer readable medium may be any recording apparatus 
capable of storing data that is read by a computer system, e.g., a read-only memory (ROM), a 
random access memory (RAM), a compact disc (CD)-ROM, a magnetic tape, a floppy disk, an 
optical data storage device, and so on. Also, the computer readable medium may be a carrier 
wave, such as a carrier wave that transmits data via the Internet, for example. The computer 
readable recording medium can be distributed among computer systems that are 
interconnected through a network, and the present invention may be stored and implemented as 
a computer readable code in the distributed system. 

[0057] As described above, according to the present invention, additional information is 
recorded in an extensible format, thus preventing a reduction in the rate of detecting_additional 



11 



Docket No.: 1793.1214 



information caused by miniaturization of recording medium. Further, a disc track formation 
method according to the present invention minimizes harmonics noise caused by discontinuities 
of a wobble signal. 

[0058] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 
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